Isolated rat liver perfusion studies with cyclic heptapeptide toxins of Microcystis and Oscillatoria (freshwater cyanobacteria).
Isolated perfused rat livers were used to study the dose-dependent effects of three cyclic heptapeptide toxins isolated from Norwegian freshwater bloom samples containing Microcystis aeruginosa, Oscillatoria agardhii var. and Oscillatoria agardhii var. isothrix. The high pressure liquid chromatography (HPLC) purified toxins had an i.p. LD50 in the rat and mouse of approximately 50, 500 and 1000 micrograms/kg, respectively. Hepatic insult of the toxins at concentrations of 0.5-4.0 times the rat i.p. lethal dose were assessed by monitoring bile flow, accumulation of total protein in the perfusate, release of intracellular enzymes and histopathologic examination of perfused liver tissue. One hundred micrograms of Microcystis toxin produced cessation of bile flow during a 1 hr perfusion period, while the two Oscillatoria toxins required 1000 and 2000 micrograms of toxin, consistent with their lower LD50 values. Hepatic cell membranes remained intact during the perfusion since release of enzymes and proteins into the perfusate was similar for toxin treated and control livers, and histopathologic examination of Trypan Blue infused livers revealed exclusion of the dye from the intracellular compartment of the parenchyma. Histopathologic findings for all three toxins showed hepatocellular disassociation that increased with toxin concentration. At the ultrastructural level, all three toxins caused dose-dependent vesiculation of rough endoplasmic reticulum, formation of concentric whorls composed of rough-ER, mitochondrial swelling, large cytoplasmic vacuoles and altered bile canaliculi. These changes were similar to those found for previous in vivo studies using Microcystis cyclic heptapeptides from Scotland and Australia. The Oscillatoria toxins required five to ten times more toxin to produce similar effects as the Microcystis toxin. At the higher concentrations, the Oscillatoria toxins also caused a proliferation of smooth-ER. The isolated perfused rat liver was found to be a good model for studying the hepatocellular effects of different cyclic peptide toxins from cyanobacteria.